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SYNCHRONOUS PIPELINED BURST 
MEMORY AND METHOD FOR OPERATING 

SAME 

FIELD OF THE INVENTION 

This invention relates generally to integrated circuit 
memories, and more particularly, to synchronous integrated 
circuit memories Which can provide data in bursts. 

BACKGROUND OF THE INVENTION 

High-speed memories, especially high-speed static ran 
dom access memories (SRAMs), are important in desktop 
computing and communications applications. A typical use 
for such memories is for a cache for a data processor. A 
cache is a relatively high-speed memory Which contains a 
local copy of data located in a larger but sloWer main 
memory. The cache improves system performance because 
once the data processor accesses a data element at a par 
ticular address, there is a high probability it Will access data 
elements at adjacent addresses. Making the cache memory 
as fast as possible improves system performance because 
data processors are also capable of operating at very high 
speed. 

One technique to speed up cache accesses is the use of 
burst cycles. During a burst cycle, the data processor fetches 
data from a series of memory locations Which are either 
consecutive or are clustered about the access address in 
modulo fashion. During the initial access of the burst, the 
data processor presents the burst address to the memory. The 
memory activates a Word line selected by the burst address 
and keeps the Word line active throughout the burst. All 
memory cells located along the activated Word line provide 
differential voltages to corresponding bit line pairs. A col 
umn decoder selects a subset of the bit line pairs corre 
sponding to the data element selected in that portion of the 
burst. Differential voltages developed betWeen the selected 
bit line pairs are then sensed and ampli?ed before ?nal 
output. In subsequent cycles, other subsets of the bit line 
pairs corresponding to other data elements in the burst are 
selected. Since the address decoding, Word line selection and 
driving, and bit line differentiation have already taken place, 
the subsequent cycles of the burst are faster. 
A second technique that has become popular is to make 

these memories synchronous With the data processor’s clock 
signal. Since the data processor accesses data from the bus 
synchronously, the memory can take advantage of the avail 
able clock signals to control its internal operation. 
A third technique, Which is applicable to synchronous 

memories, is pipelining. Pipelining breaks doWn a complex 
task into a series of smaller sub-tasks. Each sub-task is 
performed by an asynchronous circuit. BetWeen each asyn 
chronous circuit is a pipeline register Which captures the 
output of the previous pipeline stage for presentation to the 
next stage in synchronism With a clock periodic signal. 
Pipelining alloWs different sub-tasks of several operations to 
be performed in parallel, increasing performance. 

For example in the data processor ?eld, Which uses 
pipelining extensively, the execution of a program instruc 
tion can be implemented in a ?ve-stage pipeline Which 
includes instruction fetch, instruction decode, operand fetch, 
execution, and Writeback stages. Performance is increased in 
this ?ve-stage pipeline example because While one instruc 
tion is being Written back, a second instruction can be 
executed, a third instruction can perform operand fetch, and 
so on. 

Pipelining has also been applied to synchronous burst 
memory devices because a burst access can be conveniently 
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2 
broken doWn into overlapping sub-tasks. For example, a 
knoWn synchronous memory pipeline includes an address 
input stage, an address predecoding stage, an array access 
stage, and a data output stage. In conformity With pipelining 
rules, this memory includes a register betWeen each stage for 
a total of three registers. When such a memory receives a 
burst access Which requests four data elements, the ?rst 
access takes four cycles betWeen address input and data 
output, but due to the pipelining feature subsequent accesses 
take one cycle each. Hence this memory is designated a 
“4-1-1-1” memory. 

As time goes on, hoWever, data processors are being 
clocked by faster and faster clocks, making it more difficult 
for conventional pipelined memories to propagate all signals 
through each stage of the pipeline Without breaking up the 
circuitry further and adding more pipeline stages. What is 
needed, then, is a synchronous pipelined burst memory 
Which is able to operate With faster clock speeds Without 
adding extra depth to the pipeline. Such a memory is 
provided by the present invention, Whose features and 
advantages Will be more clearly understood from the fol 
loWing detailed description taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates in block diagram form a high-speed 
synchronous pipelined burst static random access memory 
(SRAM) according to the present invention. 

FIG. 2 illustrates a timing diagram of the memory of FIG. 
1. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 illustrates in block diagram form a synchronous 
pipelined burst memory 20 according to the present inven 
tion. Memory 20 includes generally address input buffers 22, 
an address register 24, a synchronous control circuit 26, a 
data register 28, data output buffers 30, and an asynchronous 
memory core 40. Address input buffers 22 have an input 
terminal for receiving a 16-bit input address signal labelled 
“SAO—SA15” via corresponding integrated circuit bonding 
pads, and an output terminal for providing a buffered address 
signal. Address register 24 has an input terminal connected 
to the output terminal of address input buffers 22, a control 
input terminal for receiving a signal labelled “LATCH 
ADDRESS”, and an output terminal connected to an input 
terminal of asynchronous memory core 40. Synchronous 
control circuit 26 has a ?rst input terminal for receiving a 
periodic clock signal labelled “K”, a second input terminal 
for receiving an address status control signal labelled “ 
ADS”, a ?rst output terminal for providing the LATCH 
ADDRESS signal, a second output terminal for providing a 
signal labelled “INCREMENT”, and a third output terminal 
for providing a signal labelled “LATCH DAT ”. Data 
register 28 has an input terminal connected to an output 
terminal of asynchronous memory core 40, a control input 
terminal for receiving the LATCH DATA signal, and an 
output terminal. Data output buffers 30 have an input 
terminal connected to the output terminal of data register 28, 
and an output terminal for providing a 32-bit data signal 
labelled “DQO—DQ31” to corresponding integrated circuit 
bonding pads. 

Asynchronous memory core 40 includes an address pre 
decoder 42, a roW decoder 44, a column decoder/select 
circuit 46, sense ampli?ers (amps) 48, and a memory array 
50. Address predecoder 42 has an input terminal connected 
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to the output terminal of address register 24, and an output 
terminal. RoW decoder 44 has an input terminal connected 
to the output terminal of address predecoder 42, and an 
output terminal connected to memory array 50. Column 
decoder/select circuit 46 has an address input terminal 
connected to the output terminal of address predecoder 42, 
a control input terminal for receiving the INCREMENT 
signal, a ?rst data terminal connected to memory array 50, 
and a second data terminal. Sense amps 48 have an input 
terminal connected to the second data terminal of column 
decoder/select circuit 46, and an output terminal connected 
to the input terminal of data register 28. 
Memory array 50 is a high-speed static random access 

memory (SRAM) array including a matrix of Word lines 
crossing bit line pairs, With each memory cell located at an 
intersection of a Word line and a bit line pair. ShoWn in FIG. 
2 is a representative memory cell 52 connected to a Word 
line 54 and a bit line pair formed by bit lines 56 and 58. 
Preferably, memory array 50 is not a single array but is 
actually a set of arrays segmented into quadrants With 
multiple sub-blocks Within each quadrants. HoWever the 
particular density of memory 20 and the organiZation of 
memory array 50 into smaller sub-arrays, quadrants, blocks, 
etc. is not important to the present invention and Will not be 
discussed further. 

In general operation, asynchronous memory core 40 func 
tions similarly to a single-chip asynchronous SRAM. In 
response to an access cycle, asynchronous memory core 40 
decodes the address in tWo parts. The ?rst part is performed 
by address predecoder 42. Address predecoder 42 receives 
the buffered address stored in address register 24 and gen 
erates a set of predecoded signals, some of Which are input 
to roW decoder 44 and others of Which are input to column 
decoder/select circuit 46. The signals relevant to roW decod 
ing (in the selected architecture) are input to roW decoder 44, 
Which activates a single Word line. For eXample in response 
to an activation of Word line 54, memory cell 52 drives a 
differential voltage betWeen bit lines 56 and 58 representa 
tive of the logic state stored therein. The differential voltage 
is relatively small and the bit lines must achieve a certain 
amount of separation in voltage before sense amps 48 can 
accurately sense the logic state of memory cell 52. In 
response to the INCREMENT signal, column decoder/select 
circuit 46 increments the column address according to a 
predetermined incrementing scheme (such as modulo) to 
yield successive data elements along the roW corresponding 
to Word line 54. 
Memory 20 is pipelined in order to improve performance. 

Address signals SAO—SA15 are set up to the loW-to-high 
transition of signal K at the input of address input buffers 22. 
This input address is latched into address register 24 in 
response to the LATCH ADDRESS signal. Synchronous 
control circuit 26 activates the LATCH ADDRESS signal 
during a ?rst clock period, at a delay time after a loW-to-high 
transition of signal K When input signal ADS is active. Thus 
input address SAO—SA15 represents a burst address driven 
to asynchronous memory core 40. 

In response, asynchronous memory core 40 performs 
address predecoding and roW and column decoding to select 
a single Word of data at the selected address. Column 
decoder/select circuit 46 connects selected bit lines to sense 
amps 48. These bit lines develop a small differential voltage 
betWeen them to indicate the logic states of the accessed 
memory cells. Sense amps 48 then sense and amplify this 
small differential voltage to provide a large single-ended 
voltage at the output terminal thereof. 

The operating speed of a conventional pipelined burst 
memory device is limited by the delay through asynchro 
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4 
nous memory core 40. If clock signal K exceeded a certain 
frequency, its period Would be so short that the signals 
propagating through it Would not be valid at the output 
before the neXt K cycle. The conventional solution to this 
problem Would be to add an eXtra pipeline register to divide 
the circuitry in asynchronous memory core 40 into tWo 
smaller sub-circuits. This approach Would add an eXtra cycle 
to the access and an eXtra register. 

According to the present invention, hoWever, memory 20 
solves this problem by violating conventional pipelining 
rules. Memory 20 activates the LATCH ADDRESS signal 
during a ?rst K cycle, but does not activate the LATCH 
DATA signal during a second, immediately subsequent K 
cycle. Synchronous control circuit 26 only activates the 
LATCH DATA signal during a third K cycle Which is either 
the neXt K cycle or some subsequent K cycle. 

The timing of these events is better understood With 
reference to FIG. 2, Which illustrates a timing diagram of 
memory 20 of FIG. 1. In FIG. 2 the horiZontal aXis repre 
sents time, and the vertical aXis voltage of various signals. 
Memory 20 uses the loW-to-high transition of signal K, 
Which is a periodic clock signal, to synchroniZe internal 
events. K is typically a bus clock signal Which has a 
frequency Which is some fraction of the data processor’s 
internal clock frequency. Depicted in FIG. 2 are seven 
complete cycles of the K clock, designated “T1”, “T2”, etc., 
and measured betWeen successive loW-to-high transitions of 
the K clock. A loW-to-high transition of T1 is designated the 
“rising edge” of T1. 
The data processor starts a burst access by placing a valid 

address on signal lines SAO—SA15 and activating control 
signal ADS. As shoWn in FIG. 2, the data processor activates 
these signals during the K clock cycle immediately prior to 
the rising edge of the neXt K clock cycle, labelled “T1”. 

In response to the activation of signal m at the rising 
edge of T1, synchronous control circuit 26 activates the 
LATCH ADDRESS signal to latch SAO—SA15 in address 
register 24. In response to this neW address being output by 
address register 24, address predecoder 42 and roW decoder 
44 together perform a roW decoding function, Which results 
in the activation of a Word line such as Word line 54. The 
activation of Word line 54 results in all memory cells located 
thereon differentiating the bit lines (Which had been previ 
ously precharged and equaliZed) based on the logic state of 
the bit stored in the corresponding memory cells on Word 
line 54. The bit lines differentiate relatively sloWly, but 
eventually have a large enough differential therebetWeen to 
be accurately sensed and ampli?ed. Address predecoder 42 
and column decoder/select circuit 46 together perform a 
column decoding function, and initially select the ?rst data 
element of the burst cycle. 

Synchronous control circuit 26 activates the LATCH 
DATA signal at the rising edge of T3, and memory 20 
outputs the accessed data a delay time thereafter. Note that 
synchronous control circuit 26 does not activate any pipeline 
register at the rising edge of T2. 

Subsequent accesses of the burst proceed as folloWs. At 
the rising edge of T3 synchronous control circuit 26 acti 
vates the INCREMENT signal to column decoder/select 
circuit 46. In response to receiving the INCREMENT signal, 
column decoder/select circuit 46 changes the column 
address to select the neXt data element of the burst. The roW 
address is not affected. Sensing of this data takes place 
during the remainder of T3. By the rising edge of T4, this 
data is valid at the input of data register 28 and synchronous 
control circuit 26 causes this data to be latched in data 
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register 28 on this clock edge. This data element is then valid 
on the external pins a delay time thereafter, and may be 
latched by the data processor on the rising edge of T5. 
Subsequent accesses of the burst proceed in like fashion. 
Memory 20 takes advantage of the fact that the time from 

the start of Word line activation to suf?cient bit line differ 
entiation is not suited to additional pipelining. Furthermore, 
it takes a signi?cant amount of time to activate the Word 
lines and differentiate the bit lines, since these signal lines 
are long and have large capacitances. By violating conven 
tional pipelining rules, the Word line activation can begin 
during the ?rst cycle (T2), alloWing the selected memory 
cells more than one cycle to differentiate the bit lines to 
Which they are connected. The sensing Will be more robust 
because memory 20 alloWs more time to increase bit line 
differential than if the output of address predecoder 42 Was 
latched. 

While the invention has been described in the context of 
a preferred embodiment, it Will be apparent to those skilled 
in the art that the present invention may be modi?ed in 
numerous Ways and may assume many embodiments other 
than that speci?cally set out and described above. For 
eXample the pipelining technique is applicable to any type of 
memory Which can respond to burst cycles, including 
SRAMs, dynamic random access memories (DRAMs), 
read-only memories (ROMs), programmable ROMs 
(PROMs), erasable PROMs (EPROMs), electrically eras 
able PROMs (EEPROMs), block erasable (?ash) 
EEPROMs, etc. Also a memory according to the present 
invention may support other types of bursts besides 4-1-1-1. 
Furthermore While memory 20 only performs burst accesses, 
the pipelining technique can be used in memories Which also 
perform single-cycle accesses. Accordingly, it is intended by 
the appended claims to cover all modi?cations of the inven 
tion Which fall Within the true scope of the invention. 
We claim: 
1. A synchronous pipelined burst memory comprising: 
an address register having an input terminal for receiving 

a burst address, an output terminal, and a control input 
terminal; 

an asynchronous memory core having an address input 
terminal coupled to said output terminal of said address 
register, and an output terminal for providing in 
sequence a ?rst data element and a second data element 
in response to said burst address; 

a data register having an input terminal coupled to an 
output terminal of said memory core, an output termi 
nal coupled to an output terminal of the memory, and 
a control input terminal; and 

a synchronous control circuit having a ?rst input terminal 
for receiving a periodic clock signal, a second input 
terminal for receiving a burst address control signal, a 
?rst output terminal coupled to said control input 
terminal of said address register for providing a ?rst 
control signal thereto, and a second output terminal 
coupled to said control input terminal of said data 
register for providing a second control signal thereto, 

Wherein in response to an activation of said burst address 
control signal, said synchronous control circuit acti 
vates said ?rst control signal during a ?rst cycle of said 
periodic clock signal, and activates said second control 
signal during a second cycle of said periodic clock 
signal subsequent to said ?rst cycle by at least one cycle 
of said periodic clock signal. 

2. The memory of claim 1 Wherein said memory core 
provides said ?rst data element during said second cycle and 
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6 
said second data element during a third cycle of said periodic 
clock signal immediately subsequent to said second cycle. 

3. The memory of claim 2 Wherein said synchronous 
control circuit activates said second control signal during 
both said second cycle and said third cycle. 

4. The memory of claim 3 Wherein said memory core 
provides a third data element during a fourth cycle of said 
periodic clock signal immediately subsequent to said third 
cycle, and provides a fourth data element during a ?fth cycle 
of said periodic clock signal immediately subsequent to said 
fourth cycle, and Wherein said synchronous control circuit 
activates said second control signal during both said fourth 
cycle and said ?fth cycle. 

5. The memory of claim 1 Wherein said memory core 
comprises: 

a memory array having a plurality of Word lines, a 
plurality of bit line pairs, and a plurality of memory 
cells located at intersections of each of said plurality of 
Word lines and each of said plurality of bit line pairs; 

roW decoder means coupled to said address register and to 
said memory array for activating one of said plurality 
of Word lines as determined by said burst address; 

column decoder means coupled to said address register 
and to said memory array for providing differential 
voltages representative of bits of said ?rst data element 
and said second data element by selecting correspond 
ing portions of memory cells located on a selected one 
of said plurality of Word lines; and 

sense ampli?er means coupled to said column decoder 
means and to said data register for sensing said ?rst 
data element and said second data element by ampli 
fying said differential voltages and providing corre 
sponding ampli?ed voltages to said data register. 

6. An integrated circuit synchronous pipelined burst 
memory comprising: 

a plurality of address input buffers each having an input 
terminal coupled to a corresponding one of a plurality 
of address input terminals, and an output terminal, said 
plurality of address input buffers receiving a burst 
address; 

an address register having an input terminal coupled to 
said output terminal of each of said plurality of address 
input buffers, an output terminal, and a control input 
terminal; 

an asynchronous memory core having an address input 
terminal coupled to said output terminal of said address 
register, and an output terminal for providing in 
sequence a ?rst data element and a second data element 
in response to said burst address; 

a data register having an input terminal coupled to an 
output terminal of said memory core, an output 
terminal, and a control input terminal; 

a plurality of data output buffers each having an input 
terminal coupled to said output terminal of said data 
register, and an output terminal coupled to a corre 
sponding one of a plurality of data output terminals; 
and 

a synchronous control circuit having a ?rst input terminal 
for receiving a periodic clock signal, a second input 
terminal for receiving a burst address control signal, a 
?rst output terminal coupled to said control input 
terminal of said address register for providing a ?rst 
control signal thereto, and a second output terminal 
coupled to said control input terminal of said data 
register for providing a second control signal thereto, 
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wherein in response to an activation of said burst address 
control signal, said synchronous control circuit acti 
vates said ?rst control signal during a ?rst cycle of said 
periodic clock signal, and activates said second control 
signal during a second cycle of said periodic clock 
signal subsequent to said ?rst cycle by at least one cycle 
of said periodic clock signal. 

7. The memory of claim 6 Wherein said memory core 
provides said ?rst data element during said second cycle and 
said second data element during a third cycle of said periodic 
clock signal immediately subsequent to said second cycle. 

8. The memory of claim 7 Wherein said synchronous 
control circuit activates said second control signal during 
both said second cycle and said third cycle. 

9. The memory of claim 7 Wherein said memory core 
provides a third data element during a fourth cycle of said 
periodic clock signal immediately subsequent to said third 
cycle, and provides a fourth data element during a ?fth cycle 
of said periodic clock signal immediately subsequent to said 
fourth cycle, and Wherein said synchronous control circuit 
activates said second control signal during both said fourth 
cycle and said ?fth cycle. 

10. The memory of claim 6 Wherein said memory core 
comprises: 

a memory array having a plurality of Word lines, a 
plurality of bit line pairs, and a plurality of memory 
cells located at intersections of each of said plurality of 
Word lines and each of said plurality of bit line pairs; 

roW decoder means coupled to said address register and to 
said memory array for activating one of said plurality 
of Word lines as determined by said burst address; 

column decoder means coupled to said address register 
and to said memory array for providing differential 
voltages representative of bits of said ?rst data element 
and said second data element by selecting correspond 
ing portions of memory cells located on a selected one 
of said plurality of Word lines; and 

sense ampli?er means coupled to said column decoder 
means and to said data register for sensing said ?rst 
data element and said second data element by ampli 
fying said differential voltages and providing corre 
sponding ampli?ed voltages to said data register. 
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11. Amethod for operating a synchronous pipelined burst 

memory comprising the steps of: 
detecting a burst access to the synchronous pipelined 

burst memory; 
latching a burst address in an address register in response 

to a predetermined transition of a periodic clock signal 
during a ?rst cycle of said periodic clock signal; 

selecting in sequence a ?rst data element and a second 
data element in response to said burst address by 
inputting said burst address at an input of an asynchro 
nous memory core; 

latching said ?rst data element in a data register at an 
output of said asynchronous memory core in response 
to said predetermined transition of said periodic clock 
signal during a second cycle of said periodic clock 
signal separated from said ?rst cycle by at least one 
cycle; 

outputting said ?rst data element; 
latching said second data element in said data register in 

response to said predetermined transition of said peri 
odic clock signal during a third cycle of said periodic 
clock signal immediately subsequent to said second 
cycle; and 

outputting said second data element. 
12. The method of claim 11 further comprising the steps 

of: 
selecting third and fourth data elements in response to 

said burst address; 
latching said third data element in said data register in 

response to said predetermined transition of said peri 
odic clock signal during a fourth cycle of said periodic 
clock signal immediately subsequent to said third cycle 
by at least one cycle; 

outputting said third data element; 
latching said fourth data element in said data register in 

response to said predetermined transition of said peri 
odic clock signal during a ?fth cycle of said periodic 
clock signal immediately subsequent to said fourth 
cycle; and 

outputting said fourth data element. 


